ABSTRACT: Intramuscular fat is an important quality trait in pork. Lysine and protein have been reported to influence this trait, but most studies have modified both factors simultaneously. In this study, the effects of dietary Lys and protein were investigated in finishing pigs to determine if either of the 2 factors alone or in combination influence the deposition of intramuscular fat. One hundred and four barrows (Landrace × Duroc) were fed 1 of 4 experimental diets, including control protein-control Lys (CPCL), control protein-low Lys (CPLL), low protein-control Lys (LPCL), and low protein-low Lys diets (LPLL) with 10 pens per treatment and 2 or 3 pigs per pen. Pigs fed CPLL showed a trend to decrease feed efficiency (P < 0.10) compared with those fed CPCL, but pigs fed LPLL performed similarly to the CPCL pigs, indicating that CP levels can be reduced to 12% for pigs between 62 and 97 kg and to 9.8% afterward without negative effects on performance. In the longissimus thoracis, intramuscular fat increased in pigs fed LPCL or CPLL (P < 0.05) compared with CPCL. In the semimembranosus muscle, intramuscular fat was reduced in pigs fed LPLL compared with those fed CPLL (P < 0.05), and the same trend was observed in the longissimus thoracis (P < 0.10). Dietary protein reduction tended to increase back fat thickness (P < 0.10) and reduced SFA and MUFA (P < 0.05) and PUFA, particularly in subcutaneous fat (P < 0.05), whereas the effect on MUFA in the longissimus thoracis was less pronounced. A reduction of n-3 FA (P < 0.05) and PUFA (P < 0.01) in the semimembranosus muscle and in the liver, respectively, was observed when the level of dietary protein was reduced. These results indicate that the effect of a reduction of dietary protein and Lys on growth and intramuscular fat is not independent, and reduction of protein, while maintaining Lys, may improve meat quality without impairing performance.
INTRODUCTION
During the last few decades, selection for leaner genotypes has resulted in reduced intramuscular fat (less than 1%) in some genotypes, and this is associated with tougher pork (Brewer et al., 2001) . Acceptability of pork perceived by consumers improved as intramuscular fat percentage increased in the study of Fonti-Furnols et al. (2012) . Hence, the challenge for the pork industry is to achieve enough intramuscular fat to ensure a pleasant eating experience but a low enough level to alleviate the health concerns associated with high-fat pork (Fortin et al., 2005) . Different nutritional strategies have been proposed to increase the content of intramuscular fat (Katsumata, 2011) . Apparently, dietary protein reduction may reduce pig growth and increase the fatness of the whole pig (Ruusunen et al., 2007) . Costa et al. (2004) suggested that intramuscular fat increased when pigs were fed a low-protein diet because it restricts muscle growth, resulting in surplus energy being converted into fat. Lysine is the major limiting amino acid in pig diets (Lewis, 2001) . A reduction of dietary lysine decreased lean meat percentage in pig carcasses with a consequent increase in fat tissue (Szabo et al., 2001 ). However, in most studies conducted to date, both variables (protein and Lys) were reduced at the same time, which makes it difficult to attribute the effect observed to Lys or to protein (Gondret and Lebret, 2002; Costa et al., 2004; Wood et al., 2004; D'Souza et al., 2008; Conde-Aguilera et al., 2012) . The objective of this experiment was to determine if intramuscular fat can be increased with a reduction of dietary protein level, a reduction of dietary Lys, or the interaction between both variables and to evaluate if these dietary modifications affect performance, carcass characteristics, lipid content, and fatty acid profiles in different tissues.
MATERIALS AND METHODS
The experiment was conducted in compliance with the Spanish guidelines for Human Care and Use of Animals in Research, and the protocol was approved by the Ethical Animal Committee of Institut de Recerca i Tecnologia Agroalimentària (Barcelona, Spain).
Animals and Diets
One hundred and four 62 ± 5 kg BW Landrace × Duroc barrows chosen from a larger group were blocked by weight, avoiding the effect of maternal origin, and were housed in adjacent pens, with 10 pens per treatment and 2 or 3 pigs per pen. Pigs were randomly assigned to 1 of the dietary treatments in a 2 × 2 factorial design: control protein-control Lys (CPCL), which was considered the control, low protein-control Lys (LPCL), control protein-low Lys (CPLL, n = 26), and low protein-low Lys (LPLL, n = 26). The level of dietary protein was lower than the requirements proposed by NRC (1998) also in the control diets (2% lower) because a greater response could be obtained in lower-protein diets. Furthermore, diet formulation was based on standard ileal digestible (SID) Lys maintaining net energy, and the ratio of the essential amino acids to digestible Lys was also held constant. The level of protein was intended to be reduced as much as possible. Ingredients and nutritional details are shown in Table 1 . The feeding program consisted of 2 diets in relation to the protein content, 1 diet from 62 ± 5 to 97 ± 7 kg BW and the other from 97 ± 7 kg BW to slaughter weight (124 ± 5 kg BW). During the experimental period, pigs received the diets ad libitum and had free access to water. Individual body weights were determined at the beginning of the trial (62 ± 5 kg BW), on d 36 (97 ± 7 kg BW), and before slaughter (124 ± 5 kg BW).
Sixty-eight pigs were selected on 2 different days [d 56: CPCL, 8; CPLL, 6 ; LPCL, 10; LPLL, 11 (total of 35 pigs) and d 70: CPCL, 9; CPLL, 11; LPCL, 7; LPLL, 6 (total of 33 pigs)] on the basis of the ending weight 48 h before slaughter (124 ± 5 kg BW), and they were transported to the abattoir to slaughter all pigs at similar body weights. It was not possible to select the same number of pigs per treatment for each day of slaughter day because pigs fed the CPLL treatment grew more slowly. Pen feed intake and feed efficiency were calculated until the day before the first shipment of the pigs to the abattoir (d 56). However, pigs that did not reach the weight the first day were fed with the same previous diet until they reached slaughter weight.
Slaughter Conditions
Pigs were transported to the IRTA experimental abattoir (2 h) on 2 different days (d 56 or 70), and they experienced approximately 16 h of fasting time before slaughter, with free access to water. Pigs were weighed and slaughtered while minimizing the stress using standard antemortem procedures, and they were stunned with 85% CO 2 for 120 s using CO 2 Dip Lift (Butina, Alps, Copenhagen, Denmark). Once carcasses were eviscerated, they were split longitudinally and weighed within 45 min. Perirenal fat and liver were weighed, and liver samples were collected, vacuum packed, and stored at −20°C for chemical analysis.
Carcass Quality Traits
Fat and muscle thickness were measured with a Fat-O-Meat'er (Carometec A/S, Herlev, Denmark) between the third and the fourth last ribs at 6 cm off the midline. From these measurements, lean meat percentage was calculated using the Spanish official equation [lean percentage (%) = 66.91 -0.895 × back fat thickness + 0.144 × muscle depth; Font-i-Furnols and Gispert, 2009] . In addition, back fat thickness at the last rib at 6 cm off the midline and between the third and fourth lumbar vertebrae at 8 cm off the midline were determined with the same probe. The minimum fat thickness over the gluteus medius muscle and fat thickness in the cranial position of the first lumbar vertebrae and in the shoulder at the level of the first rib were measured with a ruler over the carcass midline.
After carcass refrigeration at 3°C for 24 h, carcasses were weighed. Then, the left side of each carcass was cut following a simplified European reference method (Walstra and Merkus, 1995) . The primary joints obtained were ham (included hind shank and hind foot), loin, belly (included the ventral part of the belly and jowl), shoulder (with front shank, front foot, and neck), tenderloin, and head (with cheek). Each joint was weighed, and their proportion with respect to cold carcass weight was calculated. Furthermore, the semimembranosus muscle was separated from the ham, the longissimus thoracis muscle and subcutaneous fat (with skin) were separated from the loin, and their respective weights were recorded. Samples of semimembranosus as a representative of ham, longissimus thoracis between the third-and fourth-rib region (starting from the caudal part) as a typical portion consumed fresh, and longissimus thoracis subcutaneous fat samples from the same location as a primary site of fatty acid synthesis and storage were taken, vacuum packaged, and stored at −20°C until determinations.
Muscle pH was measured in the left side of the carcass using a portable pH meter (Crison, Barcelona, Spain) equipped with a Xerolyte electrode in the longissimus thoracis at the last rib level and in semimembranosus muscles at 45 min and at 24 h postmortem. Electrical conductivity was also measured in the carcass using a probe (Pork Quality Meter-Kombi, Aichach, Germany) at the last rib level in the longissimus thoracis and semimembranosus muscles at 24 h postmortem. Instrumental color (CIE, 1976 ) was measured at 24 h postmortem at the level of the last rib on a cross section of the longissimus thoracis muscle after 15 min of blooming time with a colorimeter (using D65 as illuminant and standard observer of 10°; CR-400 Minolta Co., Osaka, Japan), and luminosity (L*), redness (a*), and yellowness (b*) were recorded. Drip loss was obtained from the longissimus thoracis muscle according to the methodology described by Rasmussen and Andersson (1996) .
Chemical Methods
Dry matter according to AOAC (2010) and crude protein by the Dumas method using a nitrogen analyzer (FP528 Leco Corporation, St Joseph, MI) were determined in feed and biological samples. Lipids from longissimus thoracis, semimembranosus, subcutaneous fat, and liver were extracted with chloroform-methanol according to Folch et al. (1957) and transmethylated with boron trifluoride (BF 3 ) and methanolic KOH (Morrison and Smith, 1964) . Fatty acids were determined by gas chromatography (Agilent 6890, Boston, MA) using a capillary column (0.25 mm × 0.25 μm × 30 m; DB23, Agilent, Bellefonte, PA) and a flame ionization detector. A temperature gradient with an initial temperature of 170°C followed by an increase at a rate of 2.5°C/ min until 210°C and another increase at a rate of 5°C/ min to 240°C, where it remained for 5 min, was used for the whole run. Injector and detector temperatures were both 250°C. Injection was in split mode with a ratio of 100.6:1. The carrier gas was helium with a flux of 55.8 mL/min at the column head. The standards adopted were fatty acid methyl esters (FAME) Mix C4-C24, cis-11-vaccenic methyl ester (Supelco, Bellefonte, PA), 16, 10, 13, 10, 13, 16, St. Louis, MO) . Nonadecanoic acid (Sigma, St. Louis, MO) was used as the internal standard. Results are expressed as a percentage of total fatty acids.
Statistical Analysis
The study performed was a randomized complete block design with a 2 × 2 factorial arrangement (2 levels of protein and 2 levels of Lys). Statistical analyses were performed using the GLM procedure of SAS (SAS System for Windows 9.2, SAS Inst. Inc., Cary, NC). The model accounted for the effects of protein level, Lys level, and their interaction. Results are expressed as least squares means. Significance of interaction and main effects were obtained from the ANOVA table. P < 0.05 was considered statistically significant, and P < 0.1 was considered a tendency. The pen was used as the experimental unit for all data. Day of slaughter was initially introduced in the model for carcass measurements, but as the effect was not significant, it was removed from the final analysis. Because of its significant effect, carcass weight was used as a covariate for back fat thickness and muscle depth between the third and fourth last ribs, lean percentage, minimum back fat thickness over the gluteus medius, and back fat thickness in the first lumbar vertebrae, first and last rib.
RESULTS

Performance Measurements
Growth performance measurements of barrows fed diets with different amounts of protein or Lys in the diet are presented in Table 2 . The pig weight at the end of each feeding period did not differ among treatments. During the first period, from 62 ± 5 to 97 ± 7 kg BW, an interaction (P < 0.05) between protein and Lys was observed for G:F; the lowest values were for the pigs receiving CPLL, and the values were not different among the other treatments. During the second period, from 97 ± 7 to 112 ± 8 kg BW, performance measurements were not significantly affected by dietary treatment. However, during the overall period, the same trends as the first period were observed.
Carcass and Meat Quality Traits
Carcass characteristics and longissimus thoracis and semimembranosus meat quality traits are shown in Table 3 . A trend to reduce the carcass weight was observed when the level of Lys in the diets was reduced (P = 0.06); however, slaughter weight carcass yield and chilling losses remained unaffected by dietary treatment. Back fat thickness increased (P < 0.05) and tended to increase (P = 0.08) over the gluteus medius muscle and on the carcass first lumbar vertebrae, respectively, when the level of dietary protein was reduced. Meat quality traits measured in the semimembranosus or color measurements of the longissimus thoracis were not affected by dietary treatment. However, when the level of dietary Lys was reduced, the pH at 45 min in both muscles tended to increase (P = 0.08). This change of pH did not result in dark, firm, dry or pale, soft, exudative meat. Drip loss in longissimus thoracis samples was lower (P < 0.01) or tended to be lower (P = 0.08) when pigs were fed lowprotein or low-lysine diets, respectively. The effect of the diet in the different carcass joints is presented in Table 4 . A reduction of the level of dietary protein caused a significant reduction of the proportion of liver with respect to BW (P < 0.05), whereas the other carcass joints remained unaffected by dietary treatment.
Chemical Composition
The chemical composition of the longissimus thoracis, semimembranosus, and liver is shown in Table 5 . In the longissimus thoracis muscle, a higher protein percentage was found in pigs fed a low-protein diet (P < 0.01). Additionally, a tendency (P = 0.07) in the interaction between protein and Lys was observed for intramuscular fat percentage, and the pigs that received the LPCL and CPLL diets showed the greatest 1 Pigs were slaughtered when they reached 124 ± 5 kg BW (56 or 70 d of experimental feeding period). Carcass weight was used as a covariate for back fat thickness and muscle depth between the third and fourth last ribs, lean percentage, minimum back fat thickness over the gluteus medius, and back fat thickness in the first lumbar vertebrae first and last rib.
2 Measurement done at 6 cm off the carcass midline with a Fat-O-Meat'er (Carometec A/S, Herlev, Denmark). intramuscular fat values. In the semimembranosus, an interaction between the level of protein and Lys was observed for dry matter and intramuscular fat percentages (P < 0.01). The highest values observed were for pigs fed CPLL, and the lowest values were for the LPLL treatments. In the liver, an interaction between the level of protein and Lys was also observed for protein. Pigs fed the LPCL and CPLL diets had the lowest protein percentages (P < 0.05).
Fatty Acid Composition in Longissimus Thoracis Muscle
The main fatty acids were affected by the reduction of protein level in the diet in the longissimus thoracis muscle (Table 6 ). Total SFA (P <0.01), including C14:0 (P <0.05), C16:0 (P < 0.05), C18:0 (P < 0.01), and C20:0 (P < 0.05), were increased when the protein level of the diet was reduced (P < 0.05), whereas MUFA, including C16:1 n-7 cis and C 18:1 n-9 cis, presented only a tendency. When dietary protein was reduced, PUFA (P <0.01), n-3 (P < 0.01), and n-6 (P < 0.05), including C18:2 n-6 cis (P < 0.01), C18:3 n-3 cis (P < 0.01), C20:2 n-6 cis (P < 0.05), and C20:5 n-3 (P < 0.01), were decreased. The modifications observed in PUFA led to an increase in the n-6/n-3 ratio in pigs fed the diets with the lowest protein level (P < 0.05).
Fatty Acid Composition in Semimembranosus Muscle
Minor changes were observed in the semimembranosus because of dietary treatment (Table 7) . The SFA and MUFA, including their main fatty acids, were not modified by the reduction of the level of protein or Lys in the diet. Polyunsaturated fatty acids and n-6 were not affected by dietary treatment. Nonetheless, n-3 fatty acids and the main n-3 fatty acids, C18:3 n-3 cis, were reduced when pigs were fed the diets with the lowest protein level (P < 0.01). An interaction between dietary protein and dietary Lys level was observed for C22:6 n-3 (P = 0.02), and the pigs that received the CPLL diet had the lowest values. The reduction observed in the n-3 fatty acids was accompanied by an increase in the n-6/n-3 ratio (P < 0.01).
Fatty Acid Composition in Liver
The effects of the levels of protein and Lys on fatty acid composition in liver are presented in Table 8 . Total SFA were not much affected by dietary treatment. Nonetheless, C14:0, C16:0, and C18:0 were increased when the level of dietary Lys was reduced (P < 0.05). C16:0 had the greatest values when both dietary protein and Lys levels were reduced (P < 0.01). Monounsaturated fatty acids, including C18:1 n-9 cis (P < 0.01), tended to be increased in low-protein diets. Polyunsaturated fatty acids, including C18:3 n-3, C18:2 n-6, and C20:4 n-6, were reduced in low-protein diets (P < 0.01). The reduction of dietary Lys resulted in an increase of n-3 (P < 0.01) and reduction of n-6 (P < 0.01), with a consequent increase of the n-6/n-3 ratio (P < 0.01).
Fatty Acid Composition in Longissimus Thoracis Subcutaneous Fat
Lipid percentage increased in the longissimus thoracis subcutaneous fat of pigs fed the low-protein diets (P < 0.05; Table 9 ). Dietary protein level was the variable that most affected the fatty acid composition of subcutaneous fat. In diets with the lowest level of dietary protein, SFA and C18:0 tended to increase (P = 0.09), but the main SFA (C16:0) was not affected. Additionally, MUFA, C18:1 n-9 cis, and C18:1 n-7 (P < 0.01) were increased by the same treatment. The reduction of dietary protein also produced a reduction of PUFA, including both n-3 (C18:3 n-3; P < 0.01) and n-6 (C18:2 n-6; P < 0.01). The modification of PUFA resulted in a greater n-6/n-3 ratio (P < 0.01).
DISCUSSION
This study differs from others on the subject in that the level of protein of the diets was lower than the requirements proposed by NRC (1998) even in the control diets. We chose that design because small changes near the requirement may elicit a greater response. Also, the effects of dietary protein and Lys are investigated in a factorial design, so that the interaction between the 2 factors can be investigated.
Interaction between Dietary Variables, Protein, and Lys
Although the levels of dietary protein were low, the results obtained for growth performance measurements were normal for the standard of the breed studied and comparable with a previous experiment by Tous et al. (2013) with pigs of the same cross with higher protein levels. Furthermore, when the protein level was reduced, weight gain and feed efficiency were not negatively affected in the control Lys level. This suggests that the diets in the present experiment were appropriate for protein or Lys, except in the CPLL diet. Sharda et al. (1976) showed similar performance in pigs starting at 54 kg BW fed diets containing 13% or 10% protein supplemented with amino acids. Kerr et al. (1995) also obtained similar performance in pigs starting at 55 kg BW fed diets containing 14% or 11% protein supplemented with amino acids. This suggests that protein levels can be reduced to 12% between 62 and 97 kg BW and to 9.8% afterward without negative effects on performance if diets are supplemented with amino acids, even with pigs showing greater weight gains than those of Sharda et al. (1976) and Kerr et al. (1995) . The feed efficiency was negatively influenced in barrows fed the CPLL diet during the first period, which was reflected during the whole experiment. Those pigs needed to eat more to achieve the BW of the control group, although the reduction in weight gain did not reach significance in our trial. This result suggests a marginal deficiency of this essential amino acid in the first period. The reduction in G:F in pigs fed the CPLL diet and not in the pigs fed the LPLL diet indicates that the relation between Lys and protein determines the deficiency of this amino acid, rather than the level per se. Witte et al. (2000) and Jin et al. (2010) also found an increase in G:F without significant modification of ADFI or ADG when dietary Lys was reduced and the level of protein was kept at the same level as the control diet.
Back fat thickness, muscle depth, carcass lean percentage and carcass cuts, liver, and perirenal fat proportions were not affected by the interaction between dietary protein and Lys levels. Because the interaction was not significant, the results obtained with those variables are discussed below as separate effects. The intramuscular fat percentage was increased with respect to the control diet in both muscles studied (semimembranosus and longissimus thoracis) when protein was reduced and the dietary Lys level was the same as the control (8.2% for longissimus thoracis and 16.1% for semimembranosus) and when dietary Lys level was reduced but the percentage of dietary protein was the same as the control (36.2% and 15.2%, respectively). However, when protein and Lys were reduced in the same diet, the lowest value of intramuscular fat was observed, particularly in the semimembranosus muscle. Although the effects are less pronounced in the longissimus thoracis, the same trend as in the semimembranosus is observed, indicating that intramuscular fat is increased by the reduction of Lys or protein but not the reduction of both at the same time, which indicates an opposite effect. Thus, if a higher amount of intramuscular fat is desired, 1 of the studied variables (protein or Lys) has to be kept as the control while the other has to be reduced. The results also showed that intramuscular fat deposition is regulated differently in other fat depots because the interaction did not occur in back fat. The increase in intramuscular fat was also reported by authors who had reduced the level of dietary Lys while keeping the level of dietary protein equal to the control diet (Witte et al., 2000; Bidner et al., 2004; Zhang et al., 2008; Jin et al., 2010) . Most studies have reported an increase in intramuscular fat when protein and Lys were reduced, but the 2 variables were reduced in the same proportion (Gondret and Lebret, 2002; Costa et al., 2004; Wood et al., 2004; D'Souza et al., 2008; Conde-Aguilera et al., 2012) .The increase in intramuscular fat observed in the present study may be of interest because a previous study showed that the acceptability of the taste of meat by consumers increases with the intramuscular fat content in meat (Font-i-Furnols et al., 2012) . Apart from the increase in intramuscular fat, the fatty acid composition of the different muscles studied, subcutaneous adipose tissue was not affected by the interaction between the dietary protein and Lys levels. Additionally, almost no variation in the fatty acid composition was observed in the liver because of an interaction between protein and Lys.
Reduction of Dietary Protein
Dietary protein restriction while keeping Lys at requirement levels did not impair feed efficiency or BW mainly significantly during the first period of the study, suggesting that when protein is reduced but the level of Lys is maintained, the growth of the pig is not retarded by protein restriction while the reduced cost of nitrogen excretion could be responsible for the improvement in feed efficiency. Le Bellego et al. (2002) reported that feeding barrows low-protein diets (their diets R2 and 12.5%, and R3: 13.3% for the finishing phase, all with a digestible Lys of 0.70 g/MJ NE) resulted in lower ADFI, and the differences could be explained by the fact that a higher percentage of protein was used compared to the present study. The restriction of dietary protein increased and tended to increase back fat thickness at the gluteus medius and first lumbar vertebrae, respectively, without modification of carcass lean percentage or a reduction of muscle depth. This increase in fat deposition was also reflected in an increase of lipids in the longissimus thoracis subcutaneous fat. A possible explanation for this increase in back fat could be the replacement of the protein source of the diets by carbohydrates, which are more easily converted to fat than dietary protein, hence also increasing the main pig fat depot. Also, the reduced cost of nitrogen excretion would increase the energy available for fat synthesis. An increase in back fat thickness was observed when dietary protein was replaced by starch or dietary fat Lizardo et al. (2002) .
Drip losses were lower at the lower level of protein. This was opposite to the findings of Ruusunen et al. (2007) , who found greater losses at low protein levels, which were parallel to a decrease in pH. The possible difference between the 2 studies could be the level of protein, which in the previous experiment was 16% vs. 18.7%, much higher than in the present study. The decrease in pH at the low protein level was not observed in the present study.
The fatty acid composition was mainly affected by the dietary protein reduction in the longissimus thoracis and semimembranosus muscles and subcutaneous fat. However, the longissimus thoracis muscle was more strongly modified than the semimembranosus. From these results, it could be concluded that the fatty acid profile of fat (including intramuscular fat) from pigs fed diets with a low protein level was more saturated and monounsaturated and less polyunsaturated compared with control protein diets. The reduction of n-3 fatty acids and n-6 fatty acids observed in the subcutaneous fat could be explained by the fact that although not significant, the pigs fed low-protein diets had a lower ADFI and hence a lower amount of those fatty acids was incorporated through the diet. These results are in agreement with Doran et al. (2006) , who also found an increase in C16:0, C16:1, C18:0, and C18:1 n-9 cis when dietary protein was reduced from 21% to 18% and who suggested an increase in de novo fatty acid synthesis in muscle under the experimental conditions. Teye et al. (2006) also observed an increase in SFA and MUFA and a reduction of PUFA in subcutaneous fat of pigs fed lowprotein diets (20.9% vs. 18.1%). However, the level of dietary Lys was also reduced, from 10 to 7g/kg. It is fairly common to have excess protein in practical diets, particularly when the price of protein sources is low. This nitrogen excess is partially retained by the body (30%), excreted in the feces (15%), or excreted in the urine (50%; Dourmad et al., 1992) . Considering that protein catabolism takes place in the liver, the reduction of liver weight with respect to carcass weight in pigs fed low-protein diets could be a result of reduced nitrogen catabolism. The reduction of dietary protein to values closer to the ideal protein level could lead to amino acids in the right portions for maintenance, lean tissue growth, and a reduction of nitrogen excretion. The difference of liver size was also reflected in a modification of the fatty acid profile. Although SFA were not affected by the reduction of dietary protein in the liver, MUFA were increased, and PUFA (mainly the n-6 PUFA) were reduced.
Reduction of Dietary Lysine
Back fat thickness and muscle depth were not significantly affected in pigs fed diets with low levels of dietary Lys. These results are opposite to those of Witte et al. (2000) and Bidner et al. (2004) , who observed an increase in back fat thickness and a reduction of loin eye area. The differences between the reported results could be explained by the differences between the ratio of protein to Lys, the level of other essential amino acids, and the net energy of the diets.
The level of dietary Lys had no effect on the fatty acid composition of the different muscles studied (longissimus thoracis and semimembranosus) or subcutaneous fat, which is not surprising because the level of dietary Lys did not affect the proportions of fat and protein of the different tissues studied. However, Katsumata et al. (2005) observed a reduction of PUFA, including linoleic acid, in the longissimus dorsi muscle of (Landrace × Large White) × Duroc pigs fed diets containing a lower level of dietary Lys (during the growing phase, control = 0.65% vs. lower Lys = 0.43%, and during the finishing phase, control = 0.68% vs. lower level = 0.40%).
The dietary Lys level had no effect on the different carcass joints, liver, or perirenal fat proportions. Although the liver lipid content was not affected by the dietary Lys level, an increase in n-3 fatty acids and a reduction of n-6 fatty acids was observed, even though total PUFA were not affected.
The modification of 1 of the 2 variables (protein or Lys) without keeping the other constant makes it difficult to attribute the real cause of the modification observed in fat deposition. In the present study, the experimental diets only differed in 1 of the variables studied (Lys or protein level), allowing the independent determination of the effects of these factors and the interaction between them.
Conclusions
On the basis of the results obtained from this study, it can be concluded that protein level can be reduced without negative effects on performance in Landrace × Duroc barrows if the level of Lys is adequate. Dietary protein and Lys levels both impact fat deposition and composition. The intramuscular fat content was increased in the semimembranosus muscle when protein but not the Lys was reduced or when Lys but not the protein was reduced, and the same seems to occur in the longissimus thoracis. However, the reduction of dietary Lys in normal protein diets resulted in less efficient pigs. The reduction of dietary protein, in both low and control Lys diets, produced an increase in pig fatness, accompanied with an increase in SFA and MUFA and a reduction of PUFA, which suggests an increase in de novo fatty acid synthesis. Hence, pigs can grow on lowprotein diets, and the relation between dietary protein and Lys contents has to be considered in diet formulation for performance and meat and carcass quality.
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